th larval instar of S. littoralis. From these results, the toxicity of the tested compounds increased with the increasing in the exposure time and decreased by increasing the larval instars. The latent effects of the tested compounds according to sublethal concentrations against 4 th instar larvae of laboratory strain were significantly decreased in pupal duration, pupal weight, percentage of normal pupae, adult emergence, fecundity, fertility and adult longevity compared to the control, while these compounds increased significantly larval duration and malformed pupae. Based on the semi-field application, pyridalyl and emamectinbenzoate proved to be the most effective in initial and residual activity causing 100 and 54% mortality for pyridalyl and 100 and 42.13% for emamectin-benzoate, respectively, while indoxacarb was the least effective. Also, pyridalyl show significant, superior persistence residual activity against 4 th larval instar of the field strain with Lt 50 valued 7.74 days, emamectin-benzoate and chlorfluazuron come in second order, with Lt 50 5.59 and 5.56 days, respectively, indoxacarb showed the shortest (1.4 days). From the results, pyridalyl and emamectin-benzoate could be used into Integrated Pest Management against Spodoptera littoralis under field conditions.
INTRODUCTION
The Egyptian cotton leafworm, Spodoptera littoralis (Boisd). is a highly polyphagous insect pest, it is still considered as one of the most destructive insect pests in cotton growing areas not only in Egypt but also in Africa, Mediterranean Europe and several parts of Asia Degheele, 1997 and Azab et al., 2001) . The extensive use of insecticides to control this pest larvae has led to the development of multiple insecticide resistance, environmental pollution and negative effects on non-target organisms (Tabashink et al., 1987 and Frank et al., 1990) . Therefore, there is a great need to research alternative control agents with new mode of action, safe to untarget organisms and environment components and compatible with integrated pest management practices. Among the most promising alternative to conventional insecticides are insect growth regulators and noval insecticides including oxadiazines, avermectins and pyridalyl which characterized with their new and/or unique modes of action, they have the potential for crop protection against economic pests and low toxicity to environment components and natural enemies (Foster et al., 2003; Michaud and Grant, 2003 and Sakamoto et al., 2005) . Emamectin-benzoate is a noval semi-synthetic derivative of natural product abamectin in avermectin family. Abamectins (Avermectin B1) is a fermentation product from the soil microorganisms, Streptomyces avermactilis (Burg et al., 1979) . This materials act by interfering with the action of gamma aminobutyric acid (GABA), it blocks post-synaptic potentials of neuromuscular junctures, leading to paralysis, also inhibit pheromones production and inhibit feeding (Fritz et al, 1979; p Pienkowski and Mehring, 1983 and Writht, 1984) . Abamectin also is more environmentally acceptable because it binds to soil, does not bioaccumulate and degrades rapidly (Lasota and Dybas, 1991) , this epi-methyl amino derivative is very effective against a broad spectrum of Lepidoptera pests with good field efficacy and lack of cross-resistance with other commercially used pesticides (Mrozik, 1994 and White et al., 1997) . Pyridalyl is a noval insecticide exerts excellent control against Lepidoptera and Thysanopetera pests on cotton, vegetable and fruits, pyridalyl is expected to be an ideal pest control compound for use in Insect Resistance Management (IRM) (Sakamato et al., 1995 and Umedo, 2003) . The insect development inhibitors (IDI), which inhibits or prevents normal metamorphosis of immature stages to the adults stages, these compounds tends to be selective and generally less toxic to notarget organism than conventional insecticides (Nicholas et al., 1999) . Generally, many IGR compounds have shown high potentiality against lepidopterous insects (El-Deeb et al., 1991; Fisk and Wright, 1992; Rao et al., 1994; Pineda et al., 2007; Sammour et al., 2008 and Zidan et al., 2013) .
Therefore, this study aimed to evaluate the toxicity of three noval alternative control agents (pyridalyl, emamectin-benzoate and indoxacarb) compared to chlorfluazuron against larval stages of Spodoptera littoralis (Boisd.), the study also included the sublethal effects of the previous compounds on biological aspects of this pest and determined the residues persistence period (Lt 50 ) under semi-field conditions.
MATERIALS Toxicity of chlorfluazuron, indoxacarb, pyridalyl and emamectin-benzoate against 2 nd and 4 th larval instar of laboratory strain were evaluated. To assess the insecticidal activity of the tested compound, a series of aqueous concentrations for each compounds was prepared using the commercial formulations. The leaf dipping technique was adopted according to Abo ElGhar et al. (1994) where the freshly castor bean leaves were allowed to dry under laboratory conditions before being offer to S. littoralis larvae. Hundred larvae distributed in ten replicates (10 larvae/replicate) were used for each concentration. Also, larvae were fed on leaves immersed in only water as a control. Newly moulted 2 nd and 4 th larval instar were fed on the treated leaves in a glass jar covered with muslin for 24 h. for indoxacarb, pyridalyl and emamectin-benzoate and for 48 h for chlorfluazuron after that the treated leaves were replaced by another untreated ones. Mortality percentages were recorded after 24, 48 and 72 h of treatment. Mortality percentages were corrected according to Abbott equation (Abbott's, 1925) . The LC 25 , LC 50 and slope values of the tested compounds were calculated using Finney's equation (1971) , through software computer program.
Biological studies:
Castor bean leaves were soaked in LC 25 concentration for each insecticide, which calculated after 48 h and used for feeding the newly 4 th larval instar. Two hundred larvae were used for each insecticide, the larvae were placed in a glass jar and provided with the treated leaves after 24 h for indoxacarb, pyridalyl and emamectinbenzoate and 48 h for chlorfluazuron. Survived larvae were transferred to jars containing fresh untreated leaves and observed daily to determine larval duration, pupal duration, pupal weight, percentages of normal pupae, deformed pupae and adult emergence. Two females and one male of the resulted adults were placed together, in wood box to maximize successful mating, they provided with a piece of cotton soaked in 10% sugar solution as source of food for each of the four compounds and the control. Then the adult longevity was determined (from adult emergence until adult death for male and female), fecundity (no. of eggs/female), fertility (percentage of eggs hatchability) and fecundity percentage was calculated according to Crystal and Lachance (1963) All biological aspects were analyzed using one-way ANOVA by SPSS 13.0 (SPSS, 2004 ). Duncan's Multiple Range Test (DMRT) was used to determine the probability level to compare the differences among some parameter means (P<0.05) by Costat system for Windows, Version 6.311, Berkeley, CA, USA, Costat program (2006).
Field experiments:
Application of the tested insecticides were conducted at Sakha Agricultural Research Station farm, where an area of 2100 m 2 was selected to be sown on 4 th April, 2013 with cotton seed var. Giza 86, received all good recommended agricultural practices without any insecticidal treatments. This area was divided into plots each of 42 m 2 . Five treatments, the four tested insecticides and the check were designed in this area. Four plots (replications) were arranged in a randomized complete block design. Application of tested insecticides was done on 26 th of June, 2013 under field conditions. Irrigation water was used in diluting of the tested insecticides at their field recommended rates/200 liters per feddan. Knapsack sprayer (CP3) equipped with one nozzle was used. Unplanted belts (3 m width) were left as barriers between plots to avoid contamination with drifts.
2.5.a. Semi-field experiments:
Chlorfluazuron, indoxacarb, pyridalyl and emamectin-benzoate were sprayed at their recommended rates/200 liters per feddan. Samples of treated cotton leaves were collected randomly from each treatment immediately after one h from spray (zero time) and then 3, 6, 9 and 12 days post spray and transferred directly to the laboratory for feeding 4 th larval instar (field strain) of S. littoralis by treated leaves with indoxacarb, pyridalyl and emamectin benzoate, (100 larvae/treatment/interval) for one day of each interval. The survivor larvae were fed for another two days on untreated leaves. For chlorfluazuron larvae were fed on treated leaves two days and one day on untreated leaves. Cumulative mortalities were calculated at the end of each interval (three days) and corrected according to Abbott's formula (1925) .
The cumulative mortalities of the first intervals (samples collected after spraying directly) was considered as initial kill, while the total mean of the cumulative mortality of the other intervals (3, 6, 9 and 12 days from spraying) were considered as residual effects.
RESULTS AND DISCUSSION Susceptibility of 2 nd and 4 th larval instars of Spodoptera littoralis, laboratory strain to three noval insecticides, viz. indoxacarb, pyridalyl and emamectinbenzoate compared with chlorfluazuron were studied and their latent effects of the previous insecticides against 4 th larval instar of S. littoralis were evaluated according to sublethal effect after 48 h from exposure on some biological aspects. Also, semi-field application was determined to study persistence of chlorfluazuron, indoxacarb, pyridalyl and emamectin-benzoate residues against 4 th larvae instar at field strain of this pest via determination of Lt 50 when the larvae were fed on treated leaves after different intervals from spray of these insecticides.
3. 1.Toxicity of some insecticides against 2 nd and 4 th larval instars of Spodoptera littoralis: Toxicity of three noval insecticides, indoxacarb, pyridalyl and emamectin-benzoate compared with chlorfluzuron against 2 nd and 4thh larval instar of S. littoralis, laboratory strain were presented in Tables (1  and 2 ).
The results in Table ( Table ( 1) showed that emamectin-benzoate was 313.5% as toxic as chlorfluazuron, while pyridalyl was the least effective recording 7.82% as toxic as chlorfluazuron. The same trend was noticed with all tested insecticides against 4 th larval instar of S. littoralis. Also, the results in Table ( 2) cleared that, the descending order of larvicidal activity against fourth larval instar were emamectin-benzoate, indoxacarb, chlorfluazuron and pyridalyl, where the LC 50 values were 0.539, 5.218, 29.83 and 39.32 mg a.i./L after 48 h, while, they recorded 0.278, 2.732, 7.198 and 27.31 mg a.i./L after 72 h, respectively. From these data, it was clear that the toxicity of the tested compounds against two larval instars of S. littoralis were increased with the increasing of the exposure time and decreased by increasing the larval instars. The present results are confirmed with the results of Shigeru et al. (2004) , Isayama et al., (2005) and Ahmed et al., (2006) who found that emamectin-benzoate proved to be more efficient than spinosad and indoxacarb against S. litura larvae, also Abdel-Rahim et al. (2009 ), Ezz El-Din et al., (2009 and Abdu-Allah (2010) reported that emamectin-benzoate was the most effective compound against 4 th instar larvae of S. littoralis.
2. Sublethal effect of the tested insecticides on some biological aspects of Spodoptera littoralis:
The main biological aspects of S. littoralis, laboratory strain after feeding the 4 th larvae for 24 h for indoxacarb, pyridalyl and emamectin-benzoate and 48 h for chlorfluazuron on castor bean leaves treated at their LC 25 values were shown in Tabel (3 and 4).
The results in Table ( 3) indicated that indoxacarb significantly prolonged the larval duration (24.5 days) comparing to control treatment (14.0 days), followed by emamectin-benzoate (15.5 days) and pyridalyl (14.5 2589.2 days), the same direction was observed on pupal duration and pupal weight, where indoxacarb was the highest effective recording (8.5 days and 306 mg) comparing to control (12 days and 346 mg), while pyridalyl was the least effective (9 days and 331 mg) on pupal duration and pupal weight, respectively. With respect to the latent effects, percentages of normal pupae, deformed pupae and adult emergence, the data in Table ( 3) indicated that indoxacarb was more effective giving (66%, 14.29 and 65.85%) compared to control (97, 2.84 and 97.66%) to percentages of normal pupae, deformed pupae and adult emergence, respectively, followed by pyridalyl (19.0, 0.0 and 94.74%), while emamectin-benzoate was the least effective giving (80.0, 6.25, and 96.97%), respectively. The previous data in Table ( 3) showed that indoxacarb was more effect on all biological aspects which was remarkable antifeeding activity on S. littoralis, therefore, it caused disturbance in the physiological functions, also the present results clearly showed that sublethal concentration of chlorfluazuron caused 100% mortality after two days from feeding on treated leaves, so chlorfluazuron nullified pupation stage from treated larvae.
The obtained results were in accordance with those of Aioub et al. (2002) and El-Naggar and El-Dewy (2012). They found that lufenuron caused nullifying in adult emergence from treated larvae, while the present results were in contrary with those of Emam and Degheele (1993) and Sammour et al. (2008) . They found that the fecundity of the S. littoralisi adults resulted from the 5 th instar treated with chlorfluazuron and lufenuron treatments decreased to a very low percentage ranged between (33.3 to 53.4%) and they added that S. littoralis egg hatchability was also significantly reduced, it ranged between (44.5 to 61.7%) for chlorfluazuron and (59.7 to 73%) for lufenuron compared to (94.7%) for control. The same direction was observed in the data in Table (4) that showed indoxacarb was more effective in reducing the adult fecundity (No. of eggs/female) and % fecundity giving (484.29 egg/female and 28.38%), followed by pyridalyl (1031.15 egg/female and 60.42%) as compared to (1706.65 eggs/female and 100%) for control, while emamectin-benzoate was low significant for the adult fecundity, as compared to control. Likewise, pyridalyl, emamectin-benzoate and indoxacarb reduced the adult fertility (percentage of eggs hatchability) where they giving 31.95, 49.31, and 58.42%, respectively in comparison with control (90%). Reduction in fecundity may be due to disfunction of maturation of an insect egg which depend on the materials that are synthesized by the ovary in suit which includes protein, lipids and carbohydrates all of which required for embryonic structure (Shaurub et al. 1998) . Table ( 4) indicated that the tested insecticides reduced significantly the adult longevity of both males and females, where indoxacarb reduced with highly significant the adult longevity to average (4.36 and 6.92 days) followed by emamectin-benzoate (11.97 and 13.67 days), pyridalyl (14.05 and 15.13 days) as compared to control (15 and 16.13 days) for male and female longevity, respectively. The foregoing results are in agreement with the trend of results obtained by many investigators (El-Aw, 2003; Abdel-Rahim et al., 2009; Amer et al., 2012 and El-Naggar, 2013) . They indicated that emamectin-benzoate was more effective against 4 th larval instar of S. littoralis than pyridalyl on the most biological aspects, these compounds decreased larval, pupal and adult durations, pupation %, adult emergency %, fecundity, fecundity % and fertility, while El-Zahi (2013) found that indoxacarb significantly produced the least percentage of normal pupae and deformed pupae (26.4 and 20.3%) at zero time from spray, also, the author demonstrated that the pyridalyl and emamectin benzoate had the highest persistent negative effect on pupation causing (20.4 and 42%) normal pupae, (12.9 and 10.3%) deformed pupae and (26.7 and 55.2%) normal adult, respectively. 3. 3. The field persistence of the tested compound residues: Semi-field application was determined to study initial, residual effect and persistence of chlorfluazuron, indoxacarb, pyridalyl and emamectin-benzoate residues against 4 th larval instar of S. littoralis, field strain via determination of Lt 50 when the larvae were fed on treated leaves after (zero time, 3, 6, 9 and 12 days) from spray of these insecticides.
Data in
With regard to the initial effect (at zero time after spray), pyridalyl and emamectin-benzoate proved to be the most effective where they caused 100% accumulative mortalities after 3 days from feeding, when the larvae were fed on treated cotton leaves one day and another two days on untreated cotton leaves, while indoxacarb was the least effective (60%) ( Table  5 ). Based on the general mean of residual activity of the tested compounds, pyridalyl was superior compound giving 54%, followed by chlorfluazuron and emamectin-benzoate (49.0 and 42.13%), respectively. On the other hand, indoxacarb (22.49%) was the least effective.
With regard to the aforementioned results, the efficiency of all tested compounds decreased gradually after spray. Although, indoxacarb was highly effective against S. littoralis larvae, laboratory strain compared to the other tested compounds, but it was low effective under field conditions thus, as criteria the efficiency of any insecticide was to be evaluated under field conditions.
Concerning the persistence of the tested compounds residues on cotton foliar under field conditions with Lt 50 , the results in Table ( 5) revealed that pyridalyl showed significant superior persistence residual activity against 4 th larval instar, field strain with Lt 50 (7.74 days), emamectin-benzoate and chlorfluazuron came in the second order, with Lt 50 (5.59 and 5.56 days), respectively. On the contrary, indoxacarbb showed the shortest persistence period recording 1.4 days. This may be explained by either the diversity in cotton foliage capability for adsorption of different tested insecticides into epicuticular waxes and deeper leaf tissues or the degradation factors, which act versus the persistence of insecticide residue on cotton foliage. The persistence period of insecticide residue, under the same weathering conditions, differed according to the used concentration, the sprayed plant and the target insect, when spinosad was applied against neonate of Spodoptera exigua, it had half-life of 10-20 days on Kiwi fruit foliage comparing to 7 days on cotton foliage (McDonald et al., 1998) . Also, Isayama and Kasamatsu (2004) indicated that pyridalyl still demonstrates a mortality of 100% on potted cabbage plant even 14 days after treatment against Spodoptera litura even after an occurrence of rainfall immediately after application. Gupta et al. (2009) reported that the half-life time of indoxacarb at 70 and 140 g/ha on Okra fruit was 0.58 and 1.02 days, respectively.
CONCLUSION
From the present results, it could be concluded that although indoxacarb highly effective against cotton leaf worm, Spodoptera littoralis (laboratory strain) and significantly reduced biological aspects, but it have the lowest effect against field strain of this pest and low initial effect, then lowest persistence period under field conditions. Pyridalyl and emamectin-benzoate caused high toxicity and significantly reduced the biological aspects against S. littoralis. Also these compounds had longest persistence residues and high initial effect under field conditions. Therefore, these compounds could be used in the integrated pest management (IPM) programmes, in order to minimize the negative effects of chemical insecticides on the environments and to protect the natural enemies.
